Figure 1
Map of the region of interest with the studied glaciers shown in red (numbers refer to 120 Table 1 ). The four AWS used in the present study were set up on Saint-Sorlin Glacier (n°20). 121
Adapted from Rabatel et al. (2016) . 122 123
MODIS satellite images 124
The MODIS sensor, onboard the TERRA -EOS/AM-1 satellite is acquiring near-daily images in situ measurements with the glaciological method (unpublished data, LGGE internal report, 144
listed Table 1 ). Among them, glacier-wide annual SMB b a of four glaciers (Argentière, Mer de 145
Glace, Gébroulaz and Saint-Sorlin glaciers) have also been calculated using the Lliboutry 146 approach (Lliboutry, 1974; Vincent, 2002; Vincent et al., 2000) . The latter combines the 147 punctual in situ data and the glacier-wide surface elevation changes quantified from the 148 difference between DEM retrieved using aerial photogrammetry. In addition, glacier wide 149 annual SMB of the 30 studied glaciers were computed by Rabatel et al., 2016 using the end-150 of-summer snow line measured on optical remote-sensing images and the glacier-wide mass 151 change quantified from DEMs differencing. 152
For the six glaciers where glacier-wide annual SMB are available from the two methods, i.e., 153 in situ and satellite measurements, the average of the two estimates was used to calibrate and 154 evaluate the albedo method. 155
In situ albedo measurements 156
Albedo measurements acquired punctually using an AWS on Saint-Sorlin Glacier have been 157 used to evaluate the MODIS retrieved albedo. In situ albedo measurements were available for 158 three periods in the ablation zone (July- 
MODImLab products 167
MODIS L1B images were processed using the MODImLab toolbox (Sirguey, 2009) . Image 168 fusion between MOD02QKM bands 1 and 2 at 250 m resolution and MOD02HKM bands 3 to 169 7 at 500 m resolution allows 7 spectral bands at 250 m resolution to be produced ( 
4). 179
The MODImLab cloud detection algorithm is more conservative than the original MODIS 180 product (MOD35), and has been preferred as recommended in (Brun et al., 2015) . The resulting number of pixels per glacier is listed in Table 1 . and glacier-wide SMB results from the fact that solar radiation is the 213 main source of energy for melting snow and ice, both at the surface and within the first 214 centimeters below the surface (Van As, 2011). But this is not sufficient to explain why 215 averaged surface albedo is suitable for monitoring glacier SMB. 216
If we consider a temperate glacier in the mid-latitudes, its surface is fully covered by snow in 217 winter, leading to high and uniform surface albedo ( in Cuffey and Paterson, 2010) . 218
During the ablation season, the accumulation area is still covered with snow conversely to the 219 ablation area where the ice is exposed and sometimes covered by debris. The overall albedo of 220 the glacier surface is therefore decreasing over the course of the ablation season, providing 221 information on the ratio of these two areas. The ratio between the size of the accumulation 222 zone and the entire glacier, called the accumulation-area ratio (AAR) has often been used as a 223
The 
Data filtering 260
MODIS offers the opportunity to get daily images, but retrieving daily maps of Earth surface 261 albedo remains challenging. Indeed, various sources of error require filtering the available 262 images in order to only capture physical changes of the observed surface and not artifacts. Fig. 2 ). These differences are related to 319 changes in the MODImLab algorithm and different computation of the in situ albedo, 320 integrated over a two-hour period in the current study. 321
In Fig. 3 , the spread between MODIS and AWS albedos is higher for low albedos (i.e. ablation 322 area). This is related to the footprint difference as described earlier, accentuating the albedo 323 differences when monitoring heterogeneous surface (snow patches, melt pounds…), even 324 more pronounced in summer. One can also note that MODIS albedo often over-estimate the 325 AWS albedo value. This over-estimation could be explained by: (1) the MODImLab albedo 326 retrieval algorithm. Indeed, under-estimation of the incoming radiation computed in the 327
MODImLab algorithm would lead to over-estimated retrieved albedo values, in addition the 328 atmospheric corrections used to compute the incident radiation could be hypothesized as values. However, it is worth noting that most of the points are within the combined uncertainty 334 of both sensors and these differences in albedo retrieved from MODIS and the AWS are thus 335 hard to interpret. 336
Finally, Fig. 3 shows substantial differences between OZA<10° and other OZA classes. For 337 OZA<10, MODIS albedos better agree with AWS albedos than for the three other classes. 338
Integrating MODIS images with OZA>10° substantially deteriorate the agreement with AWS 339 albedos (in term of r 2 , RMSE and the slope P 1 MODIS ), especially on "narrow" targets as alpine 340 mountain glaciers. We therefore chose to prioritize images acquired with low OZA to avoid 341 detection of non-glacierized surfaces. Therefore, four classes of images have been selected 342 following the criteria presented in Table 2 . 343
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where stands for the standard deviation of the pixels albedo with N the number of pixels. 352
Temporal variability of the albedo signal 353
Using the "step-by-step" filtering procedure explained in Sect. 
368
The periodicity of the albedo signal is however not so well defined for some of the studied 369 glaciers. For instance, Argentière Glacier exhibits a severe drop of in winter, reaching 370 values as low as summer minimums ( 0.4). The observed drop of albedo in winter occurs 371 during more than one month centered on the winter solstice (December 21 st ) and is observed 372 within the three studied mountain ranges but have the common characteristic to be very 375 incised with steep and high surrounding faces. We studied the albedo series as a function of 376 the SZA to reveal possible shadowing on the observed surfaces. Figure 5 displays the same 377 cycle as Fig. 4 for Argentière Glacier but providing information about SZA. As a reminder, 378
the MODImLab white-sky albedo is independent of the illumination geometry but the 379 computed albedo for each pixel can be subject to shadowing from the surrounding topography. 380
Two mains observations stands out from the winter part of the cycle in The dispersion cone than a well-defined bias. As there are no physical meanings to systematic 384 change of the surface albedo during a part of the winter period and owing to the fact that this 385 dispersion is only observed for topographically incised glaciers, these decreases in albedo have 386 been considered as artifacts. These observations led us to carefully process winter albedos and 387 to perform a sensitivity study on the impact of the threshold albedo parameter . 388 389 The summer minimum average albedo for each year and each glacier has been linearly 398 correlated to the glacier-wide annual SMB. Figure 6 
and summer surface mass balance 431
Studying the integral of the albedo signal during the ablation season can provide insights on 432 the intensity of the ablation season and thus on the summer SMB b s . As described in Sect. Table 1 ). Conversely to , is slightly more 446 robust to the presence of undetected clouds as its value does not rely on a single image. The 447 lowest correlation has been found for Talèfre Glacier. The latter accounts for a relatively large 448 debris-covered tongue that has been excluded when delineating the glacier mask (see 449 supplementary material). Consequently, the low correlation could be partly explained by this 450 missing area, considered in the glaciological method but not remotely sensed. To conclude, 451 For Argentière, Mer de Glace and Gébroulaz glaciers, a significant correlation is found 469 whatever the value of the albedo threshold is (Table 3) . Furthermore, is far from being 470 uniform on the six glaciers (0.53 0.76). We therefore reconsider the idea of using a 471 threshold as a representative value of fresh snowfall, as there is no physical reason that this 472 threshold varies, at least within the same region. 
Discussion 478
In this section, we first discuss the impact of the threshold applied to the cloud cover fraction 479 on the obtained results. Then, the observed discrepancies and artifacts of the winter albedo 480 signal on some of the studied glaciers have been analyzed through a sensitivity study focused 481 on the algorithm correcting the shadows. Afterward, we discuss the sensitivity of the 482 correlation, between and b w , toward the selected albedo threshold . We finally express 483 the main limitations and assessments of the albedo method. 484
Cloud coverage threshold 485
As stated in Sect. 3.4, a value of 30% of cloud coverage over the glacier mask has been 486 defined as the acceptable maximum value for considering the albedo map of the day. We 487 computed a sensitivity study on the impact of this threshold on the value of the obtained 488 correlations between the integrated summer albedo and the in situ summer SMB. The summer 489 period has been chosen as it represents the period when the albedo of the glacier is the most 490 contrasted, between bare ice and snow/firn. The glacier-wide average albedo in this period is 491 therefore more sensitive to possible shading of a part of the glacier. have not the same meaning, but also on the delineated mask (ablation area not entirely 511 considered because of debris coverage...). The summer-integrated albedo is also highly 512 dependent on the time gap between useful images. In other words, if an image has an 513 "anomalous" glacier-wide average albedo because of high cloud coverage, the impact on the 514 integrated value will be smaller if "normal condition" albedos are monitored at nearby dates. 515
The average number of available images per year does not largely differ between the various 516 computed cloud coverage thresholds. It varies in average from 95 to 123 images per summer 517 period for respectively 0% and 100% cloud coverage threshold. Intermediate values are 106, 518 111 and 116 images per summer for 30, 50 and 75% cloud coverage threshold, respectively. 519
The difference in significance of r 2 (according to a Student's t test) between opting for 0% and 520 100% is almost negligible, and choosing the best cloud threshold value is rather a compromise 521 between the number of used images and the resulting correlation with glacier-wide SMB. We 522 finally concluded that selecting cloud coverage threshold to 30% presents the best 523 determination coefficients between the integrated summer albedo and the summer balance for 524 most of the six glaciers without losing too much temporal resolution. 525
Evaluation of winter albedo values 526
In light of the documented dispersion on during some of the winter months on several 527 studied glaciers (Sect. 4.2), sensitivity of the MODIS retrieved albedo against correction of 528 shadows had been assessed. This work has only been conducted on the 250 m resolution raster 529 products and specifically on the cast shadow product because self-shadow corrections can be 530 considered as reliable enough because only related to the DEM accuracy. We thus defined a 531 pixel as "corrected" when at least one of its sub-pixels was classified as shadowed. pixels only, classified as non-shadowed; (ii) of both corrected and non-corrected pixels, 534 equal to the glacier-wide average albedo. Figure 10 illustrates the difference between non-cor 535 and as a function of the percentage of corrected pixels over the entire glacier. The study 536 was performed on Argentière Glacier (111 pixels) that exhibited large artifacts in winter 537 (Fig. 5) . The inner diagram allows emphasizing the annual "cycle" of modeled shadows, 538 contrasted between nearly no cast shadows in summer and an almost fully shadowed surface 539 in winter. We represent the 1 standard deviation of , averaged by classes of 5% corrected 540 pixels. In other words, it illustrates the mean variability of the glacier-wide surface albedo. 541
Therefore, for images with non-corwithin the interval defined by 1 st.dev. of , errors 542 resulting from the correction algorithm are smaller than the spatial variability of the glacier-543 wide albedo glacier. We also selected only significant values, following a normal distribution 544 of the averaged . Consequently, only values at ±1σ (68.2%) in term of percentage of 545 corrected pixel have been retained (i.e. when the relative share of corrected pixels ranged from 546 15.9 to 84.1%). Between 0 and 15.9%, non-cor and are not sufficiently independent 547 because of low number of corrected pixels, and beyond 84.1%, non-cor is computed over a too 548 small number of pixels. As a consequence, even if the albedo correction in the shadowed parts 549 of the glacier could be improved, most of the errors related to this correction do not depreciate 550 the results. Above 80% of corrected pixels (December to early February), differences between 551 non-cor and exceed the monitored spatial variability of . These anomalies are at the root 552 of the observed artifacts coverage, leading to a smaller difference between non-cor and (<0.1) that could even result 570 on positive difference as we observe from February to April. 571
Finally, observed albedo artifacts in winter are most likely due to the correction of shadows. 572
On the other hand, correcting shadows accurately and consistently is extremely challenging. 573
As illustrated by Fig. 10 , a way to confidently consider the albedo signal is to exclude values 574
with too large share of corrected pixels. However, because of the inter-annual approach carried 575 out in this study, such systematic artifact is not depreciating the results but would be a major 576 issue on studies focused on albedo values themselves (e.g. maps of snow extents…). 577
Evaluation of the winter albedo threshold 578
The albedo threshold, , for which the winter albedo signal is integrated is considered in 579 provides the same threshold maximizing r 2 . For Argentière and Mer de Glace, using a 584 threshold does not drastically maximize the relation and the integral can be processed without 585 using a threshold. These two glaciers also provide the best correlation coefficients compared 586 to the other four glaciers and are by far the largest glaciers of our monitoring set (14.59 and 587 23.45 km 2 for Argentière and Mer de Glace glaciers respectively). Indeed, a possible 588 explanation of this good correlation, even without threshold, relies on the morpho-topographic 589 features on these two large glaciers. With a glacier snout reaching 1600 m a.s.l., the tongue of 590 these glaciers can experience melting events (resulting in contrasted pixels in terms of albedo 591 value), even during the winter season. The glacier-wide albedo therefore provides a good 592 proxy of the winter SMB on the glacier because of the large altitudinal range of the glacier. between Saint-Sorlin and Brewster, having similar morpho-topographic features, in terms of 596 surface area, general aspect and slope. Talèfre Glacier, with equals 0.68, is the second 597 glacier for which using a threshold significantly improves the correlation. 
Conclusion 651
In this study, we used the so-called albedo method to correlate annual and seasonal SMB to the winter integral of the albedo has substantially improved the determination coefficients but 664 no uniform threshold has been found for the six selected glaciers. Two small glaciers, Saint-665
Sorlin and Talèfre presented high correlation using albedo threshold, providing the 666 opportunity to reconstruct missing years or extending time series of these glaciers. Good 667 results have been obtained without using albedo thresholds in winter for Argentière and Mer 668 de Glace glaciers (>10 km 2 ) and further study would be required on a more exhaustive set of 669 large glaciers. We hence reconsider the idea proposed by Sirguey et al. (2016) of using albedo 670 thresholds to detect snow falls covering the glacier surface but albedo thresholds seem to 671 maximize artificially the correlation between winter SMB and winter integrated surface 672
albedo. 673
Sensitivity study on the impact of the considered cloud coverage has revealed a high 674 confidence in the MODImLab cloud algorithm, limiting pixel misclassifications, and a rather 675 high tolerance of the integrated signal to the number of partly cloud-covered images. This 676 confidence on cloud filters is very promising to document unmonitored glaciers. Correction of 677 shadows by the MODImLab algorithm has however revealed some limitations when a large 678 share of the glacier is shadowed by the surrounding topography (around winter solstice). 679
Despite this, glacier with severe and artificial drops of albedo in winter performed well when 680 quantifying the winter SMB (e.g. Argentière Glacier). Such systematic errors are therefore not 681
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